Lineage determination in lymphomas is based on the assessment of lineage-specific markers, such as the B-cell-specific activator protein of the paired box family (BSAP, PAX-5) for the B-cell lineage. BSAP is thought to be expressed exclusively in B cells from the pro-B-to the mature B-cell stage and then silenced in plasma cells. BSAP has oncogenic potential and experimental evidence shows that the T-cell lineage is prone to this effect. Herein, we report on a BSAP-positive peripheral T-cell lymphoma with monoclonal T-cell receptor c-gene rearrangement. To assess the relative frequency of BSAP expression in mature T-cell lymphomas, we constructed and examined a tissue microarray consisting of 43 angioimmunoblastic T-cell lymphomas and peripheral T-cell lymphomas and detected no additional BSAP-positive cases. To conclude, BSAP can probably contribute to T-cell lymphomagenesis not only in vitro, but also in vivo. It is rarely expressed in peripheral T-cell lymphoma, thus its detection on lymphoid malignancies cannot be considered definitively lineage specific.
Lineage and maturity determination as well as exact classification of lymphoid malignancies has a major impact on proper patient management, particularly on the choice of therapy. 1 Lineage determination in lymphomas is based on the expression analysis of lineage-specific, primarily surface-and cytoplasmic, markers, such as CD2, CD3 and CD5 for the T-cell lineage and CD19, CD20, CD22 and CD79a, as well as the nuclear marker B-cell-specific activator protein (BSAP, PAX-5), for the B-cell lineage. 2, 3 BSAP is a transcription factor of the paired box (PAX) family that regulates B-cell commitment and maintains B-cell functional identity. It is thought to be expressed within the hematopoietic system almost exclusively from the pro-B-to the mature lympho-plasmocytoid B-cell stage and to be silenced in plasma cells. [3] [4] [5] [6] In the T-cell lineage, BSAP completely blocks cellular development by repressing the T-cell-specification gene Notch 1.
7 In addition to hematological neoplasms, BSAP is expressed, and displays its oncogenic potential, in bladder carcinomas, neuroendocrine tumors and astrocytomas, in all of which its presence parallels morphological and/or clinical aggressiveness. [8] [9] [10] [11] 'Lineage infidelity' of surface/cytoplasmic markers is a well-documented phenomenon in human tumors in general and lymphomas in particular, and although its biological mechanisms and significance are poorly understood, it has the potential to lead to serious diagnostic difficulties and even confusions. [12] [13] [14] [15] [16] [17] [18] The introduction of transcription factor expression assessment for diagnostic purposes only sparsely clarified lymphoma lineage determination. Moreover, recent findings indicate that transcription factors of either B- 19 or T-cell lineage 20 are repeatedly aberrantly expressed in T-and B-cell lymphomas, respectively, representing a rather common phenomenon probably contributing to lymphomagenesis. In phenotypically equivocal cases, therefore, molecular investigation of immunoglobulin heavy chain (IgH)-and T-cell receptor gene rearrangements to establish the B-or T-cell histogenesis should also be considered, although cases with concurrent rearrangement of IgH-and T-cell receptor genes are reported with a frequency of approximately 10% for both B-and T-cell lymphomas, respectively. 21, 22 Thus, lymphoma lineage determination should be based on a multimodal approach that considers morpho-, pheno-and genotypic characteristics.
Recently, we observed for the first time a BSAPpositive peripheral T-cell lymphoma, not otherwise specified, with monoclonal T-cell receptor g-gene rearrangement. To assess the relative frequency of BSAP expression in mature T-cell lymphomas, we constructed and examined a tissue microarray consisting of 43 angioimmunoblastic T-cell lymphomas and peripheral T-cell lymphomas.
Materials and methods

Cases
Formalin-fixed, paraffin-embedded material from a right para-and intrascapular lesion excised from a 61-year-old male patient, to diagnose a primary bone tumor, was sent for a second opinion to the Bone Tumor Reference Center of the Swiss Society of Pathology at the Institute of Pathology at the University Hospital Basel (Switzerland).
For construction of the tissue microarray, 43 paraffin-embedded T-cell lymphoma tissue samples from various institutions were selected. The cases consisted of 26 angioimmunoblastic T-cell lymphomas (16 male and ten female patients, mean age 70 years) and 17 peripheral T-cell lymphomas (ten male and 7 female patients, mean age 68 years).
Tissue Microarray Construction
Construction of the tissue microarray was performed as described previously. 23 One core per case was arrayed. Validation was performed by comparison of the staining results for CD5, CD20 and BSAP obtained on the tissue microarray to conventional tissue sections of five cases.
Immunohistochemistry
Biopsy slides were processed on an automated immunostainer (Nexes, Ventana, Tucson, AZ, USA), except for BSAP-, CD4-, CD19 stains, as well as BSAP/CD5 double stains, which were performed manually. The tissue microarray was stained manually. The streptavidin-biotin peroxidase technique with diaminobenzidine as chromogen and the alkaline phosphatase/anti-alkaline phosphatase (APAAP) method with fast red as chromogen were applied. The primary antibodies were diluted in a 1% solution of bovine serum albumin in PBS (pH 7.4). Automatic incubation lasted 32 min at 371C, manual incubation 120 min at room temperature. For double stains, heat-induced antigen retrieval in citrate buffer (pH 6.0) for 10 min was performed and the slides were then incubated for 120 min with the primary anti-BSAP antibody and with the peroxidase-bound secondary antibody, and stained with diaminobenzidine; a second incubation for 120 min with the primary anti-CD5 antibody and APAAP detection were subsequently carried out. Primary antibodies used, their dilutions and antigen retrieval conditions are listed in Table 1 .
The relative proportion (percentage) of positively staining tumor cells was evaluated and cut-off values of Z30% positivity for CD3, CD4, CD5 and CD8 were considered. In the case of Ki-67, the entire relative proportion of positively staining cell nuclei was considered. All slides were carefully examined on a double-headed microscope. In equivocal cases, consecutive slides were studied to exclude aberrant expression of BSAP on T-cell populations.
T-cell receptor c-and IgH Gene Rearrangement Analysis
The total DNA from the paraffin-embedded BSAPpositive peripheral T-cell lymphoma was extracted and multiplex polymerase chain reaction (PCR) analysis of IgH-and T-cell receptor g gene rearrangements was performed as described previously. 
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Results
Morphology of the BSAP-Positive Peripheral T-Cell Lymphoma
The periscapular soft tissue showed a diffuse infiltration of medium-sized lymphocytes with broad eosinophilic to pale cytoplasms and large, irregular, at times gyrated nuclei with prominent nucleoli (Figure 1, upper panels) . Isolated Hodgkin's-like tumor cells as well as a low number of intermingled eosinophils and background small lymphocytes, were also present. Tumor cell sheets were surrounded by thickened collagen bands and crossed by prominent vessels. The adjacent periosteum was thickened with an increased amount of osteoclasts.
Phenotypic and Genotypic Analysis of the BSAP-positive Peripheral T-Cell Lymphoma
Immunophenotypic tumor cell characteristics are summarized in Table 1 and to a part shown on Figure 1 . This peripheral T-cell lymphoma expressed CD4 and CD5 in 100% of cells and showed incomplete antigen losses of CD2 (expression in 80%), CD3 (expression in 30%) and CD7 (expression in 90%), complete loss of CD45RA, and lacked expression of CD79a, but was partially positive for CD19. Double stains highlighted coexpression of nuclear BSAP-and membranous CD5 signals ( Figure  1 , lower left). Clonal T-cell receptor g-, but not IgH gene rearrangements, were detected by PCR (Figure 2 ).
Tissue Microarray Quality and Validation
All 43 arrayed samples were evaluable for morphological examination and also for assessment of CD4. The number of evaluable cases for determination of other markers varied from slide to slide, but was at least 40 (93%), which is in range with our experience in other lymphoma tissue microarrays. 23 Validation of the tissue microarray with antibodies for CD5, CD20 and BSAP showed a perfect agreement of the staining results between conventional tissue sections and the tissue microarray.
Expression of BSAP in Angioimmunoblastic/ Peripheral T-Cell Lymphoma Tissue Microarray
The results for expression of CD3, CD4, CD5, CD8 and Ki-67, as well as BSAP and CD20 and the frequency of CD4/CD8 double-positive/doublenegative cases on our tissue microarray population, are shown in Table 2 . The amount of non-neoplastic B cells varied among the arrayed T-cell lymphomas, with a mean of 23720% CD20-positive B cells and 9711% BSAP-positive B cells. We were not able to identify any BSAP-expressing T-cell lymphoma.
Discussion
Herein, we report for the first time the rare expression of BSAP in an otherwise morphologically, immunophenotypically and genotypically classic peripheral T-cell lymphoma. Previously published analyses of 67 mature T-lineage neoplasms, 3, 25 as well as our systemic tissue microarray screening of further 43 cases, did not detect any additional BSAP-positive mature T-cell lymphoma, indicating the identification of an exceptionally rare phenomenon. Importantly, except for BSAP, 3, 25 other functional B-cell-associated transcription factors, such as BOB-1, OCT-1, OCT-2 and BCL-6, 19, 26 have been detected in 30-80% of mature T-cell lymphomas in a substantial proportion of the tumor cells. On the other hand, BSAP expression has rarely been observed on immature T-cell neoplasms, including one T-lymphoblastic lymphoma and three T-acute lymphoblastic leukemia cases. 25 Importantly in that context, in experimental mice models, knockin experiments with ectopic BSAP expression, under the control of the IgH locus in thymocytes, can also lead to the development of (immature) T-lymphoblastic lymphomas. 27 In addition to its functional importance for B-cell development and identity maintenance, BSAP appears to be involved in B-cell lymphomagenesis in a particular subset of aggressive diffuse large B-cell lymphomas 28 and probably in some lymphoplasmacytic lymphomas carrying the t(9;14), 29 although the latter is controversial in the literature. 30 Contrary to the assumption that BSAP, as a gene expressed exclusively in B-and not T-lymphocytes, might have no role in T-cell lymphomagenesis, experimental evidence showed that aberrant BSAP expression in thymocytes drives malignant transformation and, surprisingly, that the T-cell lineage, at least in vitro, is particularly prone to the oncogenic potential of BSAP. 27 Our single case suggests that BSAP might also play a role in in vivo T-cell lymphomagenesis not only in immature, but also in mature T-cell lymphomas. Interestingly, in non-lymphoid hematological neoplasms, BSAP is expressed in t(8;21) acute myelogenous leukemia, where similar to its function in developing B-cells, it upregulates its major transcriptional targets, CD79a and CD19. 31 The present peripheral T-cell lymphoma case did not express CD79a, but CD19, indicating at least partial functional activity of BSAP.
Considering the diagnostic utility of transcription factor expression, particularly of BSAP, their pleiotropic biological functions in histogenetically different cells should be taken into account. The existence of rare BSAP-positive peripheral T-cell lymphoma underlines the importance of a multimodal approach in lymphoma lineage determination, which should be based on a broad immunohistochemical panel encompassing both surface/cytoplasmic (eg CD1a, CD2, CD3, CD5, CD19, CD20, CD79a) and nuclear antigens (eg BSAP, OCT-2, BOB-1) 2,32 and, in selected cases, on genotypic analyses.
In summary, BSAP can probably contribute to T-cell lymphomagenesis not only in vitro, but also in vivo. It can be rarely expressed on peripheral T-cell lymphoma, thus its detection on lymphoid malignancies should not be considered definitively lineage specific.
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